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ABSTRACT
The details of the stellar mass assembly of brightest cluster galaxies (BCGs) remain an unresolved problem
in galaxy formation. We have developed a novel approach that allows us to construct a sample of clusters
that form an evolutionary sequence, and have applied it to the Spitzer IRAC Shallow Cluster Survey (ISCS)
to examine the evolution of BCGs in progenitors of present-day clusters with mass of (2.5 − 4.5)× 1014M⊙.
We follow the cluster mass growth history extracted from a high resolution cosmological simulation, and then
use an empirical method that infers the cluster mass based on the ranking of cluster luminosity to select high-
z clusters of appropriate mass from ISCS to be progenitors of the given set of z = 0 clusters. We find that,
between z = 1.5 and 0.5, the BCGs have grown in stellar mass by a factor of 2.3, which is well-matched by the
predictions from a state-of-the-art semi-analytic model. Below z = 0.5 we see hints of differences in behavior
between the model and observation.
Subject headings: galaxies: clusters: general — galaxies: elliptical and lenticular, cD — galaxies: luminosity
function, mass function — galaxies: evolution
1. INTRODUCTION
In a universe dominated by cold dark matter, structures are
expected to grow hierarchically (Springel et al. 2005). Taken
at face value, such a structure formation scenario suggests that
the most massive galaxies should form late. Indeed, in the
semi-analytic model (SAM) of De Lucia & Blaizot (2007),
the mass assembly of BCGs–the most massive galaxies in the
universe–occur relatively late, in the sense that typical BCGs
acquire 50% of their final mass at z < 0.5 through galactic
mergers. Although there is ample evidence of mergers involv-
ing BCGs at low redshifts (e.g., Lauer 1988; Rines et al. 2007;
Tran et al. 2008; Lin et al. 2010), the importance of stellar
mass growth at late times remains unclear. Using deep near-
IR data to infer the stellar mass of BCGs across wide redshift
ranges, it was suggested that BCGs in massive clusters have
attained high stellar mass and exhibited little change in mass
since z ∼ 1 (Collins et al. 2009; Stott et al. 2010). Using the
correlation between the BCG stellar mass and cluster mass,
Lidman et al. (2012) found that the BCGs have grown by a
factor of 1.8 between z = 0.9 and z = 0.2, from a large sample
of X-ray luminous clusters.
Some of the contradicting results may arise from inconsis-
tent cluster sample selection (e.g., drawing different cluster
samples at different redshifts that do not have any evolution-
ary links), and some may be due to incompatible compar-
isons between observations and theories (e.g., while theoreti-
cal models predict “total” magnitudes for galaxies, it is partic-
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ularly difficult observationally to measure such a quantity for
BCGs; Whiley et al. 2008). Ideally, one would like to iden-
tify a cluster sample that forms an evolutionary sequence, that
is, the higher-z clusters are expected to be the progenitors of
lower-z clusters in the same sample. With such a sample, one
could then meaningfully follow the evolution of the galaxy
populations, including the mass assembly of BCGs. This ap-
proach also facilitates more direct comparisons with theoreti-
cal models.
In this paper we attempt to construct such a cluster sam-
ple and study the evolution of the stellar mass content of the
BCGs, using a subset of a complete cluster sample drawn
from the Spitzer ISCS (Eisenhardt et al. 2008, hereafter E08).
We will show that the observed growth is similar to that
predicted by the Millenium Simulation (Springel et al. 2005;
Guo et al. 2011) at z = 0.5−1.5, but the two disagree at z< 0.5
at the 2σ level.
In section 2 we describe our cluster sample, and the numer-
ical simulations used in this analysis. For the construction of
a cluster sample that represents an evolutionary sequence, the
knowledge of cluster mass is critical. We have developed a
method to infer cluster mass from the total 4.5µm luminosity
of the clusters (section 3). We then proceed to use two meth-
ods that rely on the dark matter halo merger history to infer
the BCG mass growth in progenitors of present-day clusters
with mass of (2.5 − 4.5)×1014M⊙, and compare the results to
SAMs based on the Millennium Simulation (section 4). We
conclude in section 5.
Throughout this paper we adopt a WMAP5 (Komatsu et al.
2009) ΛCDM cosmological model where ΩM = 1−ΩΛ = 0.26,
H0 = 71kms−1Mpc−1, and the normalization of the matter
power spectrum σ8 = 0.8.
2. THE DATA
2.1. Cluster Sample
The cluster sample we use is from the ISCS, which consists
of 335 4.5µm-selected systems out to z∼ 2 over the 8.5 deg2
“Boötes field”. Accurate photometric redshifts (photo-z) with
full probability distributions p(z) based on BW RI[3.6][4.5]
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photometry are used to construct galaxy density maps in thin
redshift slices (Brodwin et al. 2006), and clusters are detected
as overdensities via a wavelet analysis. The resulting sam-
ple has achieved high purity based on extensive spectroscopic
follow up and comparison with mock catalogs.
Despite the extensive spectroscopic campaign from the
AGES survey (Kochanek et al. 2012) and our own follow up
efforts (e.g., E08 Stanford et al. 2005; Brodwin et al. 2006,
2011), for the majority of the high-z clusters we are not able
to measure their mass from the velocity dispersion. With the
exception of two z > 1.4 clusters described in Brodwin et al.
(2011), the existing X-ray data from Chandra is only suffi-
cient for deriving cluster masses via X-ray scaling relations
for low-z clusters. Therefore, for most of our clusters we do
not have reliable mass estimates. In this paper, we rely on the
luminosity ranking method, to be described in section 3, to
infer cluster mass.
The cluster photo-z (zcl) is obtained from the peak of the
summed p(z) of candidate member galaxies within 1 Mpc,
with typical accuracy of < 0.03(1 + z) (for details see E08).
Here candidate members are defined as galaxies whose inte-
grated photo-z probability distribution within zcl±0.06(1+zcl)
is greater than 0.3. The total luminosity Ltot and galaxy num-
ber Ngal of the clusters are measured by subtracting the “field”
contamination from the values obtained from the candidate
members within 0.8 Mpc of the cluster center, where the con-
tribution from field galaxies is measured by selecting galaxies
in a manner identical to the candidate members, except in an
annulus of radii 5 < r < 7 Mpc around the cluster positions.
The BCGs are identified as the most luminous member
galaxy in each cluster at 4.5µm (i.e. the most massive). We
have measured the BCG luminosity Lbcg from 4.5µm fluxes,
corrected to a 32 kpc diameter aperture. This choice of aper-
ture size is to ensure that we capture most of the BCG lumi-
nosity (∼ 90%; Gonzalez et al. 2005). Similar to E08, we
cast both Ltot and Lbcg in unit of the passive evolving L∗,
based on a Bruzual & Charlot (2003, hereafter BC03) sin-
gle burst model (formed at z = 2.5 with the Chabrier initial
mass function (IMF) and solar metallicity) that can reproduce
the redshift evolution at z . 1.5 of L∗ of cluster galaxies (see
Mancone et al. 2010).
2.2. Numerical Simulations
To provide guidance on the hierarchical structure formation
in ΛCDM, and to estimate cosmic variance, we use two sets
of large N-body simulations. The first, a lightcone simula-
tion that covers an octant of the sky up to z ∼ 3 (described in
Sehgal et al. 2010), is capable of resolving halos with friends-
of-friends mass≥ 1013M⊙. The second one is of much higher
resolution (10243 particles in a 3203h−3 Mpc3 box, hereafter
referred to as the “hi-res” run), from which we can extract the
merging and growth history of halos and subhalos, with the
limiting virial mass of 6.30× 1011M⊙ and 3.15× 1011M⊙,
respectively. Both simulations were run with the WMAP5
cosmology. We will make use of the lightcone simulation in
sections 3 & 4, and the hi-res run in section 4.
3. LUMINOSITY–MASS RELATION AND HALO MASS RANKING
Absent traditional cluster mass proxies such as X-ray ob-
servables, weak gravitational lensing, or velocity disper-
sion, the simplest way to estimate a cluster’s mass is via
its luminosity/stellar content or Ngal (e.g., Yang et al. 2009;
Rozo et al. 2009). Assuming a monotonic relationship be-
Figure 1. Examples of our “lookup tables” at z = 0.8 − 1.0. Each curve rep-
resents the median cluster mass M200 of the top N most luminous clusters as a
function of N for a different mock Boötes patch extracted from the lightcone
simulation.
tween the mass and luminosity is unrealistic, however, be-
cause of the non-negligible scatter in the luminosity–mass
correlation (Lin et al. 2004, hereafter L04). However the me-
dian mass of the N most luminous clusters (or “top N” here-
after) should have considerably lower scatter. Here we make
use of mock cluster catalogs to derive a “lookup table” that
tells us the median mass of a sample of clusters that is rank
ordered by Ltot.
Our basic procedure is as follows: (1) extract a patch of the
sky whose area is the same as the Boötes field from the light-
cone simulation, (2) assign a luminosity to each of the dark
matter halos, (3) rank the halos by luminosity and produce the
lookup table. In practice, however, we need to take several
complications into account, such as the uncertainties of the
slope s, scatter σs, and redshift evolution of the luminosity–
mass correlation (hereafter L–M relation). Another considera-
tion is that the mass M200 for the halos is measured within r200
(the radius within which the mean overdensity is 200 times the
critical density of the universe at the cluster redshift), while
for our Boötes cluster sample Ltot is measured within a metric
radius of 0.8 Mpc. We thus need a model for the spatial distri-
bution of galaxies within clusters, and we assume the galaxies
follow the Navarro et al. (1997) profile with concentration of
c and scatter of σc (see e.g., L04).
For s and σs, we assume the possible values follow a Gaus-
sian distribution with the mean corresponding to the observed
values based on a sample of 93 clusters at z ∼ 0 (s = 0.85,
σs = 0.15, e.g., L04), and the standard deviation of 0.05. It was
found that once the luminosity is measured with respect to the
evolving L∗, the L–M relation does not show strong hints of
redshift evolution (Lin et al. 2006). We therefore assume the
redshift evolution of these parameters to be negligible.8 As
for the concentration and its scatter, we note that the absolute
value of c does not matter for the luminosity ranking; rather,
it is the ratio of σc/c that perturbs the luminosity ranking. As
this ratio has not been observationally determined, we sim-
ply assume σc/c = 0.1, 0.2, and 0.3, with equal probability.
Our results are robust against different choices of this ratio,
8 Doubling the assumed range of σs at z > 1 does not change our results.
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however.
We have extracted 16 Boötes-like patches from the light-
cone. For each patch and combination of s, σs, and σc/c, in
6 redshift bins (z = 0.2 − 0.4, 0.4 − 0.6, 0.6 − 0.8, 0.8 − 1.0,
1.0 − 1.2, 1.2 − 1.5), we generate 500 Monte Carlo realiza-
tions of the mock cluster catalog, and combine the results to
produce a lookup table that marginalizes over the parameter
uncertainties. Fig. 1 is an illustration of the lookup tables for
the 16 patches at z = 0.8 − 1.0. It is clear that cosmic variance
is large: at a fixed N, the inferred M200 could differ by a factor
of 1.6.
4. ESTIMATION OF BCG STELLAR MASS GROWTH
Our primary goal is to follow the evolution of BCGs in a
sample of clusters that is believed to form an evolutionary
sequence.9 We first consider a simple approach that com-
bines the lookup tables discussed above with the knowledge
of average dark matter halo growth (section 4.1). We then
take into account the stochastic nature of halo merger history,
and show that the two methods produce very similar results
(section 4.2). We further compare the results with theoretical
models (section 4.3).
4.1. Average Dark Matter Halo Growth History
Using the hi-res run, we can extract the full merger his-
tory for the dark matter halos. In Fig. 2 (top panel) we show
the mass growth history of halos whose present-day mass is
M200 = (2.5 − 4.5)×1014M⊙ (hereafter the target mass range).
The mass range is chosen to have enough z∼ 0 BCGs (see be-
low), while keeping the spread in mass of high-z progenitors
small. The solid curve and the shaded region represent the
median and the 68% range spanned by the most massive pro-
genitors, respectively. Therefore, after specifying the mass of
the z ∼ 0 clusters, using such curves we could know the typ-
ical mass of their progenitors at any redshift. We can then
use the lookup tables of section 3 to select the top N most
luminous clusters at the target redshift whose median mass
matches the expected progenitor mass, and study the proper-
ties of BCGs in these clusters.
In Fig. 2 (bottom panel) we show as solid blue points the
mean BCG luminosity Lbcg (scaled by the evolving L∗) within
32 kpc diameter for progenitors of present-day clusters whose
mass is in the target mass range. As we have scaled out the
stellar aging by normalizing the luminosity to L∗, we could
attribute the change of Lbcg/L∗ as due to merger, accretion,
and star formation, and will regard this quantity as a measure
of stellar mass growth of BCGs. The errorbars include the
cosmic variance (estimated by the scatter in Lbcg resulted from
using lookup tables from the 16 mock Boötes patches) and a
conservative 20% systematic uncertainty to account for the
impact of photometric redshift selection.
At z < 0.1, the volume probed by ISCS is not large enough
to contain any cluster in the target mass range. We thus use
an enlarged version of the low-z cluster sample presented in
Vikhlinin et al. (2009). These 76 clusters are selected by the
same criteria as described in Vikhlinin et al. (2009), with the
exception of a lower X-ray flux limit (7.5× 10−12 erg/s/cm2).
All of them have high quality Chandra observations, allowing
us to estimate their mass accurately via the YX –M500 scaling
9 During the course of evolution of a cluster, the identity of its BCG may
switch from one galaxy to another. The BCGs identified by our methods
are the most massive galaxies in the most massive progenitors of the z = 0
clusters, and may not be the direct progenitors of the z = 0 BCGs.
Figure 2. Top: average dark matter halo mass growth (pink solid curve)
and its 68% range (shaded region), derived from the hi-res run, for halos at
z = 0 with mass of M200 = (2.5 − 4.5)× 1014M⊙. Bottom: BCG luminosity
evolution (solid blue points and open black squares), normalized by a pas-
sively evolving L∗, for ISCS clusters expected to be progenitors of present-
day M200 = (2.5 − 4.5)× 1014M⊙ clusters. The solid blue points are results
based on the method described in section 4.1, while the open squares are
those derived from a more involved approach discussed in section 4.2. The
two methods give similar results. The z ∼ 0 BCGs, taken from an enlarged
version of the cluster sample presented in Vikhlinin et al. (2009), are shown
as small black triangles; the large magenta star represents their mean value.
The BCGs have grown by a factor of 2.7 since z = 1.5.
relation, where YX is the product of X-ray temperature and the
intracluster medium mass (Kravtsov et al. 2006), and M500 is
defined analogously as M200. After converting M500 to M200
assuming a Navarro et al. (1997) profile with c = 5, there are
22 clusters within the target mass range at z < 0.1.
The BCG luminosity for these nearby clusters within the
32 kpc diameter aperture is measured from the Wide-field
Infrared Survey Explorer (WISE, Wright et al. 2010) all-sky
data release, with a redshift-dependent correction factor ap-
plied, as described in the Appendix. We use the 3.4µm data
from WISE, as it is closer to the rest frame wavelength probed
by the ISCS 4.5µm data. The small black points in the Figure
represent the individual BCGs, while the magenta star symbol
is their mean luminosity (scaled by L∗). Taking these results
together, the stellar mass content of BCGs has increased by a
factor of 2.7 or so since z≈ 1.5.
4.2. Taking Detailed Halo Merger History into Account
The approach employed in section 4.1 ignores variations in
the merger history of clusters. In Fig. 3 we show a compar-
ison of descendant and progenitor halo masses at z = 0 and
0.5 from the hi-res run. The horizontal lines delineate the
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Figure 3. Mass of descendant and progenitor halos (at z = 0.5) from the
hi-res run. The two horizontal lines delineate the present-day cluster mass on
which we focus in this paper [M200 = (2.5 − 4.5)× 1014M⊙].
target mass range of the present-day clusters used in section
4.1. It can be seen that the halos at z = 0.5 that grow into
the target mass range at z = 0 span a wide range in mass [i.e.,
(0.4 − 4)×1014M⊙]. Here we try to take this varied degree of
growth into account.
For every redshift bin considered in section 3, we need to
determine two normalized probability distributions: (1) the
distribution in progenitor mass p1(Mp|Md) of those halos that
will grow into the target mass range Md at z = 0, and (2)
the likelihood of a progenitor having the probable mass [i.e.,
p1(Mp|Md) > 0] that actually becomes a halo within the tar-
get mass range at z = 0, p2(Mp,Md). In other words, for
p1(Mp|Md) we measure the mass distribution of those halos
that lie in the horizontal band in Fig. 3, and for p2(Mp,Md)
we would like to know, for all progenitors that have the same
masses as those lying in the horizontal band in Fig. 3, the like-
lihood that their descendant will end up in the narrow mass
range bracketed by the horizontal lines.
We measure p1(Mp|Md) and p2(Mp,Md) at the six redshift
bins using the hi-res run. The mean BCG luminosity is deter-
mined as
Lbcg =
∫ ∫
Lbcg(Mp)p1(Mp|Md)p2(Mp,Md)dMpdMd , (1)
where a cluster’s mass is again inferred by the lookup table
and the luminosity ranking. The BCG mass growth derived
from this method is shown as open black squares in Fig. 2
(bottom panel), which are plotted alongside those points de-
duced by the method presented in section 4.1 (solid blue
points). It is reassuring to see that the two methods give simi-
lar results. For simplicity, hereafter we only present the results
based on the “simpler” approach of section 4.1.
4.3. Comparison with Millennium Simulation
Our results show that, since z ∼ 1.5, the BCGs in progeni-
tors of present-day intermediate mass clusters have grown by
a factor of ∼ 2.7. Here we compare these measurements with
the predictions from the Millennium Simulation, based on the
SAM of Guo et al. (2011).
We have queried the Millennium Simulation database and
found all the most massive progenitors of z = 0 halos in the
Figure 4. Stellar mass growth of BCGs. The solid blue points are our mea-
surements, using the method presented in section 4.1. The errorbars do not
include systematic errors associated with conversion from luminosity to stel-
lar mass. The results from the SAM of Guo et al. (2011) are shown as open
triangles. The small black points show z ∼ 0 BCGs; their mean value is
shown as the pink star symbol in both panels. The model and measurement
agree well with each other at z = 0.5 − 1.5; at lower redshift, the growth of
model BCGs appears to increase, while very little growth is found for the
observed BCGs.
target mass range. In each of the six redshift bins, we iden-
tify the central galaxies and measure the mean of their stellar
mass.10 Using the most massive galaxies instead of the cen-
tral ones does not change our results. At z ∼ 0, the aperture
that encloses half of the mass in model BCGs is ≈ 27 kpc,
comparable to our chosen aperture of 32 kpc.
In practice, to take account of cosmic variance and thus
make a fairer comparison with observations, for each redshift
bin, we divide the Millennium Simulation box into 8−27 sub-
volumes comparable to the Boötes observations (or the local
observations, for the z∼ 0 bin), and adopt the weighted mean
and error from all the sub-volumes for the model BCG stellar
mass estimates.
The model predictions for the stellar mass growth are
shown as green open triangles in Fig. 4. For the stellar mass
of observed BCGs, we simply multiply the (time-dependent)
stellar mass of the passively evolving BC03 model with the
observed Lbcg/L∗ ratio. We regard the uncertainties associ-
ated with the conversion from luminosity to stellar mass (typ-
ically ∼ 0.2 dex) as a systematic error, which is not included
in the errorbars in Fig. 4. Both our BC03 model and the
SAM of Guo et al. (2011) employ the Chabrier IMF, thereby
reducing one potential concern of such a comparison. The
model agrees with our measurements remarkably well, be-
tween z = 0.5 and 1.5, where a factor of 2.3 growth is found.
However, the two disagree at the 2σ level at z < 0.5. While
the observed BCGs show only a small increase in stellar mass
content down to z ∼ 0, the model BCGs appear to exhibit an
accelerated growth below z = 0.5; that is, 46% of the final
mass of the model BCGs is acquired between z = 0.5 and 0.
The corresponding fraction for the observed BCGs is < 10%.
We find quantitatively very similar results when we com-
pare to the model of De Lucia & Blaizot (2007), which is also
10 Although the Guo et al. (2011) model considers contributions from the
intracluster stars (ICS), we use the stellar mass that excludes the ICS com-
ponent, as the sensitivities of ISCS and WISE are insufficient to detect the
ICS.
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based on the Millennium Simulation.
One potential concern of our comparison with the model
stems from uncertainties in the mass estimates for the ISCS
clusters. Although our luminosity ranking method described
in section 3 should allow us to reliably select clusters of the
desired mass, a definitive calibration of this method awaits a
formal weak lensing analysis (Lin et al. 2013, in prep.). Here
we evaluate the effect of uncertainties in the cluster mass by
first selecting halos whose present-day mass lies in the range
(1−9)×1014M⊙, and then perturbing their masses with a log-
normal random variable with standard deviation of σ = 0.3
(except for z∼ 0 halos, for which σ = 0.08 is chosen to reflect
the much better accuracy of Chandra-based masses). We then
study the BCG growth in halos whose perturbed mass lies in
the appropriate halo mass range. The net effect is to lower
the stellar mass of model BCGs, and slightly increase the dis-
crepancy between the observations and model, but does not
qualitatively alter our conclusions. We conclude that the dif-
ferent behavior of BCG mass assembly history between the
model and observation at z < 0.5 as found above is robust
against cluster mass uncertainties.
5. DISCUSSION AND CONCLUSION
Given its area and depth, the ISCS provides a unique dataset
to study cluster galaxy population evolution from z ∼ 2 to
present-day. We have developed an empirical approach that
takes into account the effect of cosmic variance and over-
comes the difficulty in inferring cluster masses from opti-
cal/IR cluster surveys, and have applied it to study the evolu-
tion of BCGs in progenitors of present-day clusters with mass
of (2.5 − 4.5)× 1014M⊙. Our two methods to construct clus-
ter samples that form an evolutionary sequence rely heavily
on our knowledge of the merger history of dark matter halos
(provided by numerical simulations), and both give consistent
results (sections 4.1 & 4.2).
Using a large but heterogeneous cluster sample,
Lidman et al. (2012) have detected a factor of 1.8 growth in
BCG stellar mass between z = 0.9 and 0.2, which is similar
to our finding. They have taken into account of the expected
cluster mass growth between different cosmic epochs (a bit
similar to our approach in section 4.1), and have focused on
more massive clusters. It is encouraging to see consistent
results emerging from two independent analyses. It is worth
emphasizing that our method in section 4.2 allows us to take
the stochastic merger history into account, while follow the
evolution of clusters. Our way of inferring the cluster mass
via the luminosity ranking also enables us to probe a wide
range in redshift, pushing the upper limit beyond the current
capability of the X-ray surveys.
A comparison of our results with the SAM of Guo et al.
(2011) shows good agreement between z = 1.5 and 0.5. At
lower redshifts, there are suggestions of different behavior be-
tween the model and observation, however. While the growth
of model BCGs is accelerating at late times, that of the ob-
served BCGs is slowing down. Such a contrast suggests the
period of z = 0−0.5 is potentially key in differentiating models
of BCG assembly history.
Our method is designed to trace the evolution of galaxies in
clusters. For the field galaxies, van Dokkum et al. (2010) have
studied the stellar mass growth by selecting galaxies at a fixed
number density. As advocated by these authors, such a selec-
tion provides a meaningful way to pick up galaxies that form
an evolutionary sequence (although strictly not in the sense of
dark matter halo growth), and is therefore complementary to
our approach here.
Although in principle our method can be applied to study
the BCG evolution in progenitors of present-day clusters of
any mass range, extending much beyond the limited mass
range presented here is beyond the capability of the ISCS
cluster sample. Studying higher mass clusters requires pro-
genitors too massive to be found in sufficient numbers in
the Boötes field at intermediate-z. The depth of our pho-
tometry and the cluster sample size at high-z also prevents
us from tracing lower mass present-day clusters. With the
depth and large area coverage of the upcoming Subaru Hy-
perSuprime Cam Survey (Takada 2010) and SPT-Spitzer Deep
Field (Ashby et al. 2013, in prep.), we can apply this method
and study the evolution of BCGs in much greater detail, espe-
cially for the z = 0 − 0.5 period.
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APPENDIX
DIFFERENCE IN BCG PHOTOMETRY BETWEEN WISE AND
IRAC
As the resolution of WISE channel 1 (W1) is low (6.1′′)
compared to IRAC, and the filter response function is some-
what different from IRAC channel 1 ([3.6]), we have com-
pared the aperture photometry between W1 and [3.6] for a
sample of 25 nearby BCGs and derived the difference in
flux within the 32 kpc aperture. More specifically, we have
searched the Spitzer Heritage Archive for well-known X-ray
clusters whose BCG can be unambiguously identified, and the
query returned 25 clusters. We have then measured the pho-
tometry within several apertures (up to 60′′diameter) on both
the IRAC images and WISE atlas images using SExtractor
(Bertin & Arnouts 1996), and interpolated the measurements
to infer the magnitude within 32 kpc diameter (in Vega sys-
tem). Fig. A1 shows the difference in magnitude (W1−[3.6])
for the BCGs as a function of redshift. The trend is mainly
driven by the difference in resolution between the two instru-
ments. A least squares fit to the data points yields
W1 − [3.6] = 4.5z − 0.09. (A1)
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Figure A1. Difference in magnitude between WISE channel 1 (W1) and
IRAC channel 1 ([3.6]), measured within 32 kpc diameter with SExtractor,
for a sample of 25 BCGs available in the Spitzer Heritage Archive. The solid
line shows the least squares fit to the data (see Equation A1).
We have applied the correction factor thus inferred to the
WISE photometry for the BCGs in the Vikhlinin et al. (2009)
sample.
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